The linear growth of the anthropogenic land changes in 2025 will reduce 22% of vegetation.
INTRODUCTION
Land use changes are considered exogenous changes caused by factors inherent in urbanization, economics and technology, directly influencing the management of natural resources and the ecosystem processes. In the ecological system, the greatest impacts occur in forest areas (Lambin; Meyfroidt, 2010) .
The transitions of forest areas to other uses are driven to suppress the economic needs of man, leading to conversions of use to agricultural, livestock and urban areas (Lambin; Meyfroidt, 2010; Imazon, 2014) . The impacts of these actions on forests directly influence their ecological functions, the environmental physicochemical processes and the quality of life of the populations, reinforcing the need for studies that indicate future scenarios for the change in the occupation pattern of these areas (Barbier et al., 2010; Balestrini et al., 2011; Lira et al., 2012; Kennel et al., 2015) .
In Brazil, transitions among Atlantic Forest sites have been evident. This biome is one of the largest tropical forest hotspots in the Americas, currently presenting 12% of its original extension of 1,350,000 km². Most of the remnants of this biome are embedded in areas of major anthropogenic interference, making it one of the most endangered and threatened ecosystems in the world (Ribeiro et al. 2009; Colombo; Joly, 2010; MCT, 2015; Shuey et al., 2017) .
The degree of threat in the Atlantic Forest vegetation is marked by anthropogenic activities and its conservation scenario is disastrous (Lawler et al., 2014) . Land use changes and its high biodiversity loss are mainly related to agricultural demands. Even in the face of high degradation and fragmentation, the Atlantic Forest currently has approximately 7,000 endemic plant species (Neves et al., 2017) . Despite the evident transition, studies of land use changes in biodiversity hotspots in Brazil are focused on the Amazon, showing also the trends of the impact of the conversion of vegetation to areas for the productive economic sector in the north of the country (Maeda et al., 2011; Arvor et al., 2017; Carvalho et al., 2017) .
Consequences of this forest reduction and fragmentation have revealed the impairment of services and products provided by the ecosystem, inducing isolation and susceptibility to fires, invasion of exotic species and interference in evolutionary processes through which diversity originates (Ehrlich; Wilson, 1991 , Santos Filho, 1995 Myers; Knoll, 2001; Carranza et al., 2017; Leite et al., 2017) .
Considering the severity of the ecological losses that natural areas have undergone, the main concern of this study was to investigate the impact and the relation of land use changes in Atlantic Forest areas. Thus, the present work sought to evaluate the behavior of land use changes in the period of 2007 and 2016, to identify the influence of these changes on the Atlantic Forest vegetation and the consequences expected for a future scenario in the short (2020) and medium term (2025).
MATERIAL AND METHODS

Study area
The study was developed in an area of the Una river basin, located in the state of São Paulo, southeastern Brazil (Figure 1) . The basin has an approximate extension of 96 km² and its main water course extends for 25.5 km. It is characterized by belonging to the tenth Water Resources Management Unit of Sorocaba and Middle Tietê, in the state of São Paulo (UGHRI 10). The basin contributes significantly to the formation of the Itupararanga reservoir, which is the main source of water supply for municipalities in the region, and an area of economic interest due to agricultural expansion, containing fragments of native forests and proximity to the Environmental Protection Areas (EPAs) of Serra do Mar, Corumbataí, Botucatu and Tejupá. The climate of the basin area is defined as Cwb, according to the Köeppen classification, with rainy summer (January) and winter drought (August) (Köppen, 1931) . The average annual rainfall ranges between 34 mm and 242 mm, with a wet period from October to March and a dry period between April and September (CIIAGRO, 2015) . This area is part of the Atlantic Forest biome, being considered of relevant environmental interest, these characteristics reinforce the justification for a detailed investigation of future scenarios for the conservation of its hydric, physical, biotic and socioenvironmental attributes (Lopes et al., 2016) .
Temporal mapping of land and forest use
The mapping of land and forest use was carried out considering the years 2007 and 2016. The mapping for the year 2007 was elaborated using a Landsat 5 satellite image, obtained from the US Geological Survey (USGS) website, with a spatial resolution of 30 meters, 219/076 point/orbit, and September as the month of acquisition. The mapping for 2016 was elaborated using a Sentinel-2A satellite image, obtained from the Brazilian National Institute for Space Research (INPE) website, with a spatial resolution of 20 meters, and November as the month of acquisition. For both images, reprojection and geometric corrections were performed for the southern hemisphere and the projection system used was the Universal Transverse Mercator (UTM), Datum SIRGAS 2000, zone 23 S.
The mapping was performed using visual interpretation techniques and post-classifi cation, in true compositions, considering the stipulated criteria of size and shape; color and tonality, location of the object in the landscape; texture and structure of the landscape. Considering that the satellite images used have a low spectral resolution, a mapping was performed for the year 2010, with a Spot-5 image with spatial resolution of 2.5 meters, using true composition. The image, besides having a better spatial resolution than those of 2007 and 2016, is presented in a middle year in the analysis. These justifi cations motivated the primary realization of the mapping in greater detail and, from this, postclassifi cation visual interpretation was performed by multitemporal retro-analysis for the remaining years (Rafi ee et al., 2009; Huzui, et al., 2012) .
The categories adopted for land use mapping were adapted from the Guidelines for Good Land Use Practice, Land Use and Forest Changes (GPG/LULUCF) and consist of Forest (FO), Reforestation (RE), Country Areas (CA), Agriculture (AG), Urban Area (UA), Flooded Area (FA) and Pasture (PA).
The mapping for the year 2016 was validated through work in the fi eld, from the defi nition of random points of verifi cation of land use, being evaluated the totality of one hundred points with the aid of GPS and digital camera. For land use correction, when needed, the vectors were edited, and the mapping was updated.
Assessment of land use changes and ecological losses
The quantifi cation and identifi cation of losses of natural areas and their conversion to anthropogenic areas were modeled in the Land Change Modeler (LCM) of the Idrisi Selva software (Clark Labs, 2012) . Both mappings were processed in a comparative way, with the gains and losses for each category being identifi ed, as well as the sites that persisted with the same use over time.
It was also calculated the changes occurred in the net transitions from forest area to other uses, the areas of forest losses and gains, their quantitative fi gures, the changes and the spatial behavior of the transitions.
Temporal assessment of forest fragmentation
Forest fragments were segmented from the land use mapping of year 2016, with the calculations of landscape metrics in the vegetation area being performed using V-LATE (Vector-based Landscape Analysis Tools Extension) associated with the ArcGIS 10.5 software and the Microsoft Excel 2010 program (Microsoft, 2010; ESRI, 2014) . For the analysis of the infl uence of fragmentation on these areas, the metrics listed in Table  1 were evaluated. 
Assessment of the anthropogenic exposure of forest fragments
The Anthropogenic Exposure Indicator (AEI) developed by Lourenço et al. (2014b) was applied to evaluate the exposure of the basin fragments. The AEI is based on the calculation of the Circularity Index (CI), given by the interference potential of its surroundings according to the geometric feature of circular or elongated shape of the fragment (Viana; Pinheiro, 1998), and on the Edge Effect Index (EE), which is based on the measurement of the contact surface of the different land uses with the perimeter of the fragments, assigning values according to the degree of importance for the degradation. According to Lourenço et al. (2014) , the AEI [1] varies from 0 to 1, with 1 representing the scenario of greater exposure to the effects of anthropogenic activities on the fragment and 0 the scenario of lower pressure of anthropogenic activities. Where: CI = Circularity Index; EE = Edge Effect Index; AEI = Anthropogenic Exposure Indicator 
RESULTS AND DISCUSSION
Land use for the years 2007 and 2016 in the study area are presented in Table 2 and Figure 2 . The comparative analysis between land use maps showed an increase of 484.33 ha of anthropogenic areas for the period evaluated. The natural areas, considered as forests and flooded areas, decreased from 4,327 ha to 3,842 ha. Specifically, the natural vegetation of the Atlantic Forest declined by 484.14 ha, equivalent to 11.18% of its area in 2007, and currently accounts for only 39% of the total area of the river basin. Considerable increases were observed for urban area (363.25 ha), agriculture (251.61 ha) and reforestation (39.45 ha). These high rates of anthropogenic areas may be related to the decrease identified for vegetation. A significant change in the landscape was observed in the north, where the vegetation was replaced by an urban area. This area refers to 11% of the urban agglomerate of the city of Ibiúna and represents the flat area of the city, equivalent to the low course of the water basin. The situation of low slope and proximity to the hydrographic network made it possible to intensify deforestation and convert natural areas to uses of socioeconomic interest during this period.
The area of the middle course of the basin also presented a densification of anthropogenic areas, mainly for agriculture, country areas and urban sites. These areas present reliefs that vary from flat to wavy and allow intensive use of the soil without the need for investment of onerous cultivation practices for correction and agricultural production. Consequently, the large areas of cultivation favored the creation of urban and rural centers, with small settlements without sanitary structure, and encourage the process of irregular housing in these areas.
The decrease of around 0.23 ha in flooded area indicates a water loss of significant relevance, since the area has a high propensity for agricultural activity, with intensive water use for irrigation. In addition, the
Future scenarios
Two stochastic and spatial dynamic models based on short-term (2020) and medium-term (2025) landscape scenarios were developed, with emphasis on the fragmentation of Atlantic Forest vegetation. The modeling was implemented using the Land Change Modeler (LCM) tool of the Idrisi Selva software (Clark Labs, 2012) . For the construction of future scenarios, the transitions between the land use maps of 2007 and 2016 were calculated, with emphasis on the potential changes of forests to the other categories of use through a submodel that conceived the driving forces of transitions after the changes.
The use transitions were calculated using the multilayer perceptron (MLP) classifier. The MLP evaluates the land use classification through a perceptron neural network classifier, using the return propagation algorithm (BP) and a nonparametric regression analysis between input variables and a dependent variable with the output containing a neuron which represents the expected associations. For the calculations of future changes and projections, the Markov chain forecast was used. The Markov chain calculates the number of changes based on the previous and later land use maps, along with the date specified for the future scenario. The procedure identifies the amount of use that can be carried over from the later date to the forecast date, based on a projection of future transition potentials (Clark Labs, 2012 ).
In the model execution, training and validation samples and areas of land use categories that have remained persistent were specified, as recommended by the method. In this case, the module calculates the respective samples based on the transition parameters and, by default, the sample size is set to be equal to the smallest number of pixels that have passed from one category to another. The modeling extracts from the two land use maps the areas that were subjected to the transitions and areas that were eligible to change or not (Clark Labs, 2012) .
The output is a transition probability file, in matrix form, where the probability of each land cover category switching to any other category is recorded. In summary, the analysis is based on a pixel-by-pixel characterization, considering the maximum probability of transition associated with it, and generates as a product a continuous map of vulnerability to change.
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conversion of vegetation to bare soils for planting or urban areas, with soil sealing, contributes to high rates of evapotranspiration and loss of water from the water system. Figure 3 presents in greater detail the transitions of land use change that occurred in the period.
The assessment of losses and gains confirm previous data on the amount of land use, where agriculture showed the highest area gain in the period. The category presented a gain of 425 ha and a loss of 174 ha, that is, a real gain of 251 ha. This situation can be related to the changes of country areas areas and forests, which had a real loss of 155 ha and 484 ha, respectively, with these areas being converted to agricultural farming. Their sum represents the highest rate of change in the period (39.50%). The pastures obtained an area loss greater than the gain, equivalent to -35 ha in its current area, being the second highest rate of changes in the area (33.23%). This negative rate may reflect its conversion both to agricultural areas and to the installation of new urban centers.
Transitions between anthropogenic areas can be linked to the process of land use change as an exogenous factor characterized by socioeconomic innovations that occur independently of the ecological system. These transitions follow their own dynamics and it usually driven by urbanization, economic development or globalization (Lambin; Meyfroidt, 2010) . There are a wide discussion about the impact of the changes and the conversion of forest area to the other categories of anthropogenic use, Table 3 shows the conversions and their percentages of changes occurred.
We identified 484 ha of forest losses which was highest conversion to agriculture class. In the area, agricultural activity presents two contrasting aspects. While it is the vector of local socioeconomic development that promotes the economy and the generation of employment and income, it is also responsible for the The size of the patches is intertwined with many ecosystem processes that require a minimum of contiguous preserved area to occur. Forest fragments or small-scale forest patches are more subject to phenomena such as edge effect and forest isolation, which occur from the interaction of the margin of two adjacent ecosystems. These effects are less pronounced in large fragments, due to their smaller area/perimeter ratio (Helzer; Jelinski, 1999; Kim, 2013) .
This phenomenon is also capable of affecting local microclimate and abiotic interactions, such as changes in solar incidence, humidity and wind patterns at the edges of the fragments. Consequently, these changes affect seed germination and the proliferation of shadow intolerant individuals. The increase in the incidence of wind at the edge is proportional to the increase of the fall of trees, altering the structure and composition of the landscape, prey-predator relationships and mutualism, commensalism and parasitism relationships (Batáry et al., 2014) .
It was observed a high shape index and high variability in its shapes, with the area presenting from circular to irregular fragments. The index ranged from 1.08 to 7.83 and the perimeter/area ratio and the fractal dimension also confirm the shape variation of the fragments, indicating intense edge effect and sinuosity on these areas.
According to Liao (2013) , in the long term, the edge effect is responsible for the local extinction and isolation of forest remnants, affecting the populations of the fauna and flora species, leading to changes in ecological processes such as pollination, predation, territorial behavior and dietary habits of the populations of remaining species. The largest number of fragments ecological losses of natural areas, inducing biodiversity loss and contributing to the depletion of natural resources, affecting water replacement, water regime and the susceptibility to flood and landslide events.
The urban area develops in parallel with the growth of the agricultural areas, also representing a high contribution rate for the loss of forest area, especially in the central region of the basin. According to the latest Brazilian demographic census, conducted in 2010, the area of the basin comprised 9,009 households and a total population of 29,906 inhabitants. Currently, the anthropogenic impact of this area is already greater (Lopes et al., 2016) . The sum of the conversions of forests to country areas, pasture, reforestation and flooded area totaled 110 ha, likewise contributing to the loss of biodiversity in the vegetated area.
The spatial pattern of these areas is associated with the most evident changes in the north and central regions of the river basin, predominantly associated with large urban and agricultural areas. According to Basnyat (2009) and Andersson et al. (2015) , the loss of forest area to urban areas is due to the economic characteristics of the municipality, as it is an agricultural production pole, which attracts numerous workers and favors the accentuated growth of these areas. The forest fragmentation of the Atlantic Forest areas is presented in Table 4 .
The influence of land use change on vegetation areas revealed a total of 212 forest fragments, representing 3,763.31 ha. The area suffered a deficit of 11.5% in its original area in 2007. The average area of the patches was estimated at 177,514.93 ha, with 905 accounted for a size less than 5 ha (129), while those with medium size totaled 63, and 20 fragments had the largest sizes. The large fragments correspond to the largest area in the basin, being also larger than the total area of the small and medium fragments.
Deleterious effects on vegetation are more incident in smaller fragments, exposing the entire ecological community to a greater environmental susceptibility. According to Oertli et al. (2000) , larger and better conserved areas support more species. Based on this biogeography principle, there is a global trend towards reducing biodiversity loss by promoting the preservation of large green areas and forest parks (Sallustio et al., 2017) .
A study carried out in Singapore's rainforests has assessed the biodiversity loss in the country, considering that in its colonization, in 1819, Singapore lost 95% of the 540 km 2 of its original vegetation. The study showed alarming rates of biodiversity loss, where the extinction of 73% of the local species was associated with forest loss (Brook et al., 2003) . Alroy (2017) goes further and claims, based on an extrapolation of global biodiversity loss data, that if tropical deforestation progresses, there is a high possibility of occurrence of events equivalent to mass extinction in the coming years. Thus, several studies have warned of the high impact of land use changes and forest conversion in anthropogenic areas. Comparatively, in the study area, this relation resembles that observed in the researches of ecological interaction among species, being able to also reveal high biodiversity losses.
Although highly fragmented, vegetation areas are still important green areas providing different ecosystem services. Evidence of this is the fact that the local fragments are intermixed with the main water resources of the basin, which allows a greater conservation of the water bodies and helps in the process of maintaining the water quality of the basin. The largest fragments are found in the southern portion of the basin, which has the highest hypsometric amplitude and slope percentages. Lutz et al. (1994) and Wang et al. (2016) emphasize that topography is a determinant factor for the practice of agricultural activities, therefore, factors such as the high cost for the implementation of soil correction measures for agricultural practice or expansion of the urban area are impediments to such practice and have favored the maintenance of green areas in these places.
In the investigation of the anthropogenic exposure of this vegetation, the CI of the fragments revealed that more than half of the fragments (54%) had a very elongated shape characteristic ( Figure 5A ). This factor can still be correlated with the shape index metrics, the perimeter/area ratio and the fractal dimension previously shown, again confirming the irregular pattern and high local fragmentation. According to Lourenço et al. (2014) , evaluating the environment of the fragments, along with the characteristics of their shape, helps to determine tehir fragility. For this, the EE of the fragments was evaluated, showing the interaction of the fragments by the threshold neighborhood. Figure 5B shows the percentage distribution of the fragments and their respective anthropogenic pressures.
As EE shows variation from 0 (low pressure) to 1 (high pressure), only 29 fragments present low anthropogenic exposure (13.70%) ( Figure 5B ). For Cheptou et al. (2017) , the anthropogenic influence that drives fragmentation contributes to changes in species richness and structure, favoring the introduction of exotic species, and impairs interaction at different ecological levels. Thus, fragments with higher EE exposure present worse conditions for regeneration and maintenance of environmental quality.The regeneration of remnants under anthropogenic exposure is multifactorial. According to Arroyo-Rodriguez et al. (2017) , the secondary succession of landscapes is relatively rapid in newly modified areas and is more likely to occur as a function of the proximity to well-preserved and biodiversity-rich native forests. However, for fragments that have undergone extensive and intensive anthropogenic disturbances, regeneration is slow, with biodiversity impoverishment and reduced potential to perform ecosystem functions and services.
Of the totality, 16.50% of the fragments are exposed. The sum of fragments with medium and high anthropogenic exposure represents, in the basin, 86.50% of the natural vegetation, with consequent reduction of biodiversity and condition of fragility. Figures 5C and 5D show the fragments classified regarding the AEI. The areas with the greatest forest fragmentation and with high exposure are predominantly in the northern region, which is the place with the highest rate of urbanization. Of these, 13.70% of the fragments are classified with high anthropogenic exposure, which means to affirm the strong influence of anthropogenic uses, especially the agricultural, urban, and pasture use in the environments. The highest percentage of fragments is in a situation of medium exposure (80.60%), while the sum of both represents 94.30% under increased anthropogenic exposure. Figure 6A shows the surroundings of a fragment considered to be of low anthropogenic exposure.
Its surroundings have pasture and agricultural areas, which, added to a more circular shape, contribute to classify it in a lower exposure situation. Figure 6B shows the diversity of land uses in the surroundings of two fragments of high exposure. It was possible to observe that the urban area accounts significantly for the exposure of these fragments, surrounding the whole fragment. As there is a trend to increase the urban area in the basin, over the years, few fragments will resist the demand for urban expansion, making them more susceptible to anthropogenic activities and consequently increasing the possibility of total suppression.
Based on the forest fragmentation identified, the importance of spatial models for environmental planning was evidenced, since understanding the spatial dynamics and the future projection of the impacts of these changes allows us to understand the complex relationship between different land use interactions in the ecosystem process, and help in decision making to conserve and ensure the maintenance of forests. In the actual situation Figure 7 presents the land use scenarios for 2020 and 2025, also helping to understand these data. It was observed a linear growth for all the anthropogenic areas in the basin, with consequent reduction of the Atlantic Forest vegetation. The pasture and country areas presented a retraction in 2016, with subsequent growth in future scenarios. The flooded area, by reducing its surface area in 2016, maintained a steady pattern until 2025. The trend of impact in the basin was evident through agriculture and urban expansion activities, so that by 2025 an increase of 450.69 ha and 507.78 ha is expected, respectively. In a study by Costa et al. (2014) in Atlantic Forest fragments, the authors also found that due to land use change, there was a greater conversion of forests to agricultural and urban areas.
The forest category is the most affected in relation to the scenarios of changes until 2025. By 2016, the loss of Atlantic Forest area had been estimated at 484 ha; for 2020, the scenario predicts a total of 694.11 ha, and for 2025, a total of 934.10 ha. This value reflects a loss of 22% of the area mapped in 2007 and reduces vegetation to 34% of the total area of the basin.
The future scenarios of degradation of this area reveal increased ecological losses, reaffirming a possible lack of protection, control and measures to recover vegetation in the Atlantic Forest. Considering the linear loss of forest area for the last 20 years, it is possible to affirm a greater forest fragmentation and consequent anthropogenic exposure of the fragments. Spatially, the fragments categorized into high exposure have been suppressed, or their areas may be considered irrelevant to establishing an ecosystem relationship. It was observed that the fragments classified with low exposure are highly fragmented in the years 2020 and 2025, making the projection even more alarming.
Given the estimates presented, the study is a guidance for decision making regarding measures to contain fragmentation and recover forest areas. Notwithstanding, a meta-analysis on forest restoration has shown that policymakers and managers do not have technical principles to achieve such goals. This study, developed by Meli et al. (2017) , showed that the recovery stage depends on the region and type of land use. Regarding ecological parameters, species abundance is recovered faster than species richness. Moreover, mining areas showed faster recovery results in relation to agricultural areas. Considering that the analyzed area is suitable for agricultural practice, the recovery of the vegetation areas should present results in the long term. Despite this collation, the regeneration of these areas favors ecosystem processes at the local level, benefiting social, economic and natural sectors, justifying the need to conserve and recover these environments.
CONCLUDE REMARKS
The evaluation of land use changing on Atlantic Forest vegetation between 2007 and 2025 scenario is 22% of reduction. Urban areas and agriculture are the main uses responsible for fragmentation due to the largest number of small fragments (<5ha) with high anthropogenic exposure. Considering the vegetation losses in the next 20 years, the area presents an alarming future and attention must be drawn to the fact.
